The aims of the study were to describe the physiological profile of a 65-km (4000-m cumulative 27 elevation gain) running mountain ultra-marathon (MUM) and to identify predictors of MUM 28 performance. Twenty-three amateur trail-runners performed anthropometric evaluations and an 29 uphill graded exercise test (GXT) for VO2max, ventilatory thresholds (VTs), power outputs 30 associated with these indices (PMax, PVTs) and heart rate response (HRmax, HR@VTs). Heart rate 31 (HR) was monitored during the race and intensity was expressed as: Zone I (<VT1), Zone II (VT1-32 VT2), Zone III (>VT2) for exercise load calculation (training impulse, TRIMP). Mean race 33 intensity was 77.1%±4.4% of HRmax distributed as: 85.7%±19.4% Zone I, 13.9%±18.6% Zone II, 34 0.4%±0.9% Zone III. Exercise load was 766±110 TRIMP units. Race time (11.8±1.6h) was 35 negatively correlated with VO2max (r=-0.66, P<0.001) and PMax (r=-0.73, P<0.001), resulting these 36 variables determinant in predicting MUM performance, whereas exercise thresholds did not 37 improve performance prediction. Anthropometric and physiological variables explained only 59% 38 of race time variance, underlining the multi-factorial character of MUM performance. Our results 39 support the idea that VT1 represents a boundary of tolerable intensity in this kind of events, where 40 exercise load is extremely high. This information can be helpful in identifying optimal pacing 41 strategies to complete such extremely demanding MUMs. 42 43 44 45 46 Keywords: mountain ultra-marathon, heart rate, exercise intensity distribution, training load, 47 thresholds 48 Mountain ultra-marathons (MUMs) consist of running and walking on mountain trails over a 50 distance longer than the traditional marathon (from 42.2 up to 350 km) with a considerable 51 cumulative elevation gain (up to 25.000m). These events take place in mountain environments and 52 are performed on irregular terrain, presenting positive and negative slopes. Accordingly, to face 53
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(s)/step duration (s) * step increment (W/kg)], where t is the time of the uncompleted stage 170 (Kuipers, Verstappen, Keizer, Geurten, & Van Kranenburg, 1985) . VO2maxwas defined as the 171 highest values of a 20-s average (Robergs, Dwyer, & Astorino, 2010) . Other breath-by-breath data 172 were averaged over 10s for further analysis of other physiological parameters that have been shown 173 to be important determinants of performance in endurance exercise (Lucià, Hoyos, Paèrez, & 174 Chicharro, 2000) . The first and the second ventilatory thresholds (VT1 and VT2) were determined 175 from visual inspection by two independent operators according to methods described in detail 176 elsewhere (Ahmaidi et al., 1993; Wasserman, Hansen, Sue, Stringer, & Whipp, 1999) . Therefore, it 177 was possible to establish the specific heart rate (HR@VT1 and HR@VT2) and power values 178 associated with these intensities. Exercise intensity distribution during the race was calculated using 179 HR profile and expressed into three zones: Zone I (<VT1) low intensity, Zone II (VT1-VT2) 180 moderate intensity, Zone III (>VT2) high intensity. Total exercise load was calculated by means of 181 the time spent in the three zones multiplied by arbitrary weighting factors, according to Lucia's 182 training impulse method (Lucia's TRIMP) (Lucia, Hoyos, Santalla, Earnest, & Chicharro, 2003) . 183 Accordingly, 1 min in Zone I was given a score of 1 TRIMP unit, 1 min in Zone II was given a 184 score of 2 TRIMP units, and 1 min in Zone III was given a score of 3 TRIMP units. The total 185 TRIMP score was obtained by combining the results of the three zones. 186 Statistical Analysis 187 All test data are presented as means ± standard deviations (SD) . All the data were tested for their 188 normal distribution (Shapiro-Wilk test Results from multiple regression analysis were reported in Table 3 . intensities have been reported to be 60%-70% of VO2max in 6-h events (Davies & Thompson, 1979) , 230 decreasing to 40%-50% of VO2max in 24-h events (Millet, G. Y. et al., 2011a) . Only few studies, 231 based on HR monitoring, reported the intensity sustained during MUMs. The mean intensities of 232 64% of HRmax and 82% of HRmax were respectively reported for participants completing a 54-km 233 MUM in ≈14h (Clemente-Suarez, 2015) and ≈7h (Ramos-Campo et al., 2016) .
234
In our study the intensity observed, ≈77% of HRmax, equal to an estimated intensity of ≈63% of 235 VO2max, was comparable to other ultra-endurance events of similar duration (≈10-11h) (Barrero, 236 Chaverri, Erola, Iglesias, & Rodriguez, 2014; Laursen et al., 2005) . In ultra-endurance triathlons Hiller, 1998). In our study the mean exercise intensity maintained was slightly below 259 90%HR@VT1. It has been suggested that exercise intensities marginally below VT1 allow a better The 65-km MUM performance was highly correlated with athletes' VO2max and peak power output 296 reached in the graded exercise test (Fig. 3) . By including the oxygen consumption and mechanical 297 power exerted at the ventilatory thresholds, despite being highly correlated with MUM 298 performance, the prediction of race time did not improve (see the results of steps 3 and 4 of 299 hierarchical regression analysis reported in Table 3 ). Considering the submaximal intensities 300 sustained in MUMs, it was plausible that the oxygen consumptions associated with sub-maximal 301 indices (VO2@VTs) represented parameters able to predict the performance. Particularly, for 302 endurance exercise, submaximal indices (e.g. power output or speed exerted at the ventilatory 303 thresholds) seem to be more reflective of athletes' performance capability (Impellizzeri, Marcora, importance of a high VO2max has been also explained by a favorable metabolic condition, connected exercises (Millet, G. Y. et al., 2011a) . In this regard, high values of VO2max could represent also a 317 beneficial aspect for the sub-maximal intensities and long duration of a MUM.
318
In the present study the power outputs exerted in graded exercise test, calculated at the level of 319 ventilatory thresholds and VO2max, were better correlated with performance (r coefficients ranged 320 from -0.73 to -0.71) than the measure of oxygen consumptions at the same intensities (r coefficients 321 ranged from -0.66 to -0.56, see Table 2 ). Differently from the measure of oxygen consumptions, the The variables derived from anthropometry and a GXT were found to explain only the 59% of MUM 328 performance variance. In this regard, in ultra-distance running events other factors, associated with 329 the extreme character of the races, as the resistance to muscle damage and mental abilities, can play 330 an important role in determining the final result (Millet, G. Y. et al., 2012) . In addition an 331 extensively investigated variable in ultra-distance running that was not evaluated in this study is 332 energy cost of locomotion (Lazzer et al., 2012; Millet, G. Y. et al., 2011a; Vernillo et al., 2016c; 333 Vernillo et al., 2015; Vernillo et al., 2014b) . The role of energy cost in determining ultra-running 334 performance is still a topic of discussion (Millet, G. Y. et al., 2012) . Previous authors have shown 335 that mean energy cost of level running together with VO2max and its fractional utilization can 336 explain the 87% of performance in multi-day running (Lazzer et al., 2012) . In addition, as acute 337 consequence of MUM participation, changes in energy cost in different running conditions have 338 been reported (Vernillo et al., 2016c; Vernillo et al., 2015; Vernillo et al., 2014b) , with variations 339 that have been shown to be related to MUM performance (Vernillo et al., 2015) . For instance, physiological load of MUMs (Kerhervè, Millet, & Solomon, 2015) .
366

Conclusions 367
Mean exercise intensity during the 65-km MUM was ≈77% of HRmax and most of the race time 368 was spent at intensity below HR@VT1. This finding supports the idea that the first ventilatory 369 threshold represents a boundary of tolerable intensity for amateur runners in a MUM longer than 370 10h, where the exercise load was found to be extremely high (>750 TRIMP units). The results can 371 be helpful for athletes and coaches in order to better plan the training strategies and the participation 372 in this kind of events. In particular our findings can help athletes' pacing strategy during MUMs 373 competitions, providing a reference threshold for athletes who aim to complete such extreme races.
374
In addition, the study showed that parameters associated with VO2max were determinant in 375 predicting MUM performance, whereas exercise thresholds did not improve performance prediction 376 in this heterogeneous group of athletes, which is in line with previous research in ultra-endurance 377 events. However, the variables derived from anthropometry and a graded exercise test explained 378 only 59% of race time variance, further underlining the multi-factorial character of MUM 379 performance.
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